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RESULTS OF TESTS IN THE NASA/LaRC 31-1NCH CFHT
ON AN O.OIO-SCALE MODEL (32-0T)
OF THE SPACE SHUTTLE CONFIGUPJ_TION3
TO DETERMINETHE RCS JET FLOWFIELD INTERACTION EFFECTS
ON AERODYNAMICCHA_CTERISTICS (IA60/OAI05)
By D. E. Thornton, Rockwell International Space Division
ABSTRACT
Tests were conducted in the NASA Langley Research Center 31-inch con-
tinuous Flow Hypersonic Wind Tunnel from 14 February to 22 February 1974,
to determine RCS jet interaction effect on the hypersonic aerodynamic and
stability and control characteristics prior to RTLS abort separation. The
model used was an O.OlO-scale replica of the Space Shuttle Vehicle Configu-
ration 3. Hypersonic stability data were obtained from tests at Mach 10.3
and dynamic pressure of 150 psf for the integrated Orbiter and external
tank and the Orbiter alone. RCS modes of pitch, yaw, and roll at free
flight dynamic pressure simulation of 7, 20, and 50 psf were investigated.
The effects of speedbrake, bodyflap, elevon, and aileron deflections were
also investigated.
This report is published in two volumes. Volume l contains data from
test IA60 and Volume 2 contains OAI05 data.
Volume 2 utilizes selected data from test 0A85 (LaRC CHFT I01) in both
plotted and tabulated form. Test 0A85 is completely documented in DMS-DR-
2113.
iii
(THIS PAGE INTENTIONALLY LEFT BLANK)
TABLE OF CONTENTS
Page
ABSTRACT iii
INDEX OF MODEL FIGURES
INDEX OF DATA FIGURES 3
NOMENCLATURE 6
CONFIGURATIONSINVESTIGATED I0
INSTRUMENTATION II
TEST FACILITYDESCRIPTION 12
DATA REDUCTION I_
TABLES
I. TEST CONDITIONS 14
II. DATA SET/RUNNUMBERCOLLATIONSUMMARY 15
III.MODEL DIMENSIONALDATA 22
IV. JET COEFFICIENTS 44
FIGURES
MODEL 45
DATA 51
APPENDIX
TABULATEDSOURCE DATA
INDEXOF MODELFIGURES
Figure Title Page
I. Axis systems. 45
2. Model sketches.
a. Orbiter Umbilical Door Fairing Support (FR6)
and LO2 (FL7) and LH2 (FL8) Feedlines 46
b. Forward Attachment of the External Tank to the
Orbiter (AT21) 47
c. Aft Attachment of External Tank to Orbiter (AT22,23) 4S
d. External Tank Protuberance (PTI6, PTI7, PTI8) 49
3. Model installation photograph. 50
2
I
r
T
P
_
_
o
I
I
I
I
I
I
I
r
_
3
CO
P
.
_
ko
L_
,
,::t"
LO
O
3
I_
.
_0
L.
_
r--
-
O
0
Z0(
.5
D
-
"
_Z
Z
Z
_
x/
"
,/
Z
Z
Z
Z
I
-
-
"
I
-
-
_
0
0
0
_
n
-
0
0
0
0
Z.
_CI
_
_
_
C
L
13
.
.
-
-
.I
.
-
.I
-
-I
.
-I
0
_
INDEX OF DATA FIGURES (CONCLUDED)
SCHEDULEOF COEFFICIENTSPLOTTED:
(A) KND, KLMD, DCN, DCLM, CN, CLM versusALPHA
(B) KNU, KLMU, KBLU, KM,BLU, KYN,LU, DCN, DCLM, DCBL,
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NOMENCLATURE
General
SADSAC
SYMBOL SYMBOL DEFINITION
a speed of sound; m/se% ft/sec
Cp CP pressure coefficient; (Pl - P_)/q
M MAC}{ Mach number; V/a
p pressmre; N/m2_ psf
q Q(NSM) dynamic pressure; i/2pV 2, N/m 2, psf
Q( )
RN/L R_/L unit Reynolds number; per m, per ft
V velocity; m/se% ft/sec
ALPHA angle of attsck_ degrees
BETA angle of sideslip, degrees
PSI sngle of yaw_ degrees
¢ PHI angle of roll, degrees
p mass density; kg/m 3, slugs/ft 3
Reference & C.G. Definitions
Ab base area; m2, ft2
b BREF wing span or reference span; m, ft
c.g. center of gravity
_REF LREF reference length or wing mean
c aerodynamic chord; m, ft
S SREF wing area or reference area; m2, ft2
M}:P moment reference point
X_P moment reference point on X axis
Y_P moment reference point on Y axis
Z_P moment reference point On Z axis
SUBSCRIPTS
b base
i local
s static conditions
t total conditions
free stream
6
NC_CLAi_JRE (Continued)
Body-Axis System
SADSAC
SYMBOL SYMBOL D_INITION
CN CN normal-force coefficient: normal force
qS
CA CA axial-force coefficient: axial force
qS
Cy CY side-force coefficient; side force
qS
CAb CAB base-force coefficient; base force
qS
-Ab(Pb-p_)/qS
CAf CAF forebody axial force coefficient, CA - CAb
Cm CLM pitching-moment coefficient; pitching moment
qS_REF
Cn CYN yawing-momen_ coefficient; yawing moment
qSb
C_ CBL rolling-moment coefficient: rolling moment
qSb
Stability-Axis System
CL CL lift coefficient; lift
qS
CD CD drag coefficient; drag
qS
CDb CDB base-drag coefficient; base drag
qS
C[_. CDF forebody drag coefficient; CD - CDb
Cy CY side-force coefficient; side force
qS
Cm Ci_4 pitching-moment coefficient; pitching momenz
qS_R_
Cn CLN yawing-moment coefficient; yawing moment
qSb
C_ CSL ro].ling-moment coefficient; rolling moment
qgb
L/D L/D lift-to-drag :ratio; C_C D
L/Df L/DF lift to forebody drag ratio; C_CDf
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NOMENCLATURE(Continued)
SADSAC
S_bol _bol Definition
ACA DCA _ncrementalaxial-forceCoefficient
ACL DCBL incrementalrolling-momentcoefficient
ACm DCLM incrementalpitching-momentcoefficient
ACN I)CN incrementalnormal-forcecoefficient
ACn DCYN incrementalyawing-momentcoefficient
ACy DCY incrementalside-forcecoefficient
K_u/D KBLU/D amplificationfactoron rollingmoment due to up
and down firingcoupledjets= (ACJC_ju/D) +l
KBLD amplificationfactoron rollingmomentdue to down
K_D firingjets=(AC_/C_jD)+ l
KBLU amplificationfactor on rollingmoment due to up firing
K_u jets= (AC_/C_ju)+ l
K_,n KBL,YN cross-couplingfactoron rolllngmoment due to yaw
jets= AC_/IC_ju/DI
KLMD amplificationfactoron pitchingmoment due to down
KmD firingjets= (ACm/CmjD)+ l
Km KLMU amplificationfactoron pitchingmoment due to up firing
u jets = (ACm/CmjU) + l
KM,BL2 cross-couplingfactor on pitchingmoment due to up
Km'_u/D and down firing coupledroll jets = aCm/lCmjDl
Km,_D KM,BLD cross-couplingfactoron pitchingmoment due to down
firingroll jets = ACm/½1CmjDi
Km,_u KM,BLU cross-couplingfactor on pitchingmoment due to up
firing roll jets = ACm/½1CmjuI
Km,n KM,YN cross-couplingfactor on pitchingmoment due to yaw
jets = ACm/ICmjDi
8
NOMENCLATURE(Concluded)
KND KND amplificationfactor on normalforce due to down firingjet= (AC:N/CNJD)  l
KNU amplificationfactoron normal force due to up firing
KNu jet = (_CN/CNju)+ l
Kn,_u/D KYN,L2 cross-couplingfactoron yawing moment due to up and
down firingcoupled roll jets= ACn/ICnjsI
Kn,_D KYN,LD cross-couplingfactoron yawing moment due to down
firingroll jets= ACn/½1CnjsI
Kn,_u KYN,LU cross-couplingfactor on yawing moment due to up
firingroll jets= ACn/½1CnjsI
Kn KYN amplificationfactor on yawing moment= (ACn/Cnjs)+ 1
Ky KY amplificationfactoron side force= (ACy/CYjs)+ l
RCS reactioncontrolsystem
RTLS return to launch site
aa AILRON ailerondeflectionangle, degrees
ae ELEVON elevon deflectionangle,degrees
_f BDFLAP body flap deflectionangle, degrees
aR RUDDER rudderdeflectionangle, degrees
aSB SPDBRK speed brake deflectionangle, degrees
Pc PCRCS model RCS air supply systemplenum chamber
pressure,psi
Q-SIM free streamdynamicpressurefor a simulated
flight condition,psf
CONFIGURATIONSINVESTIGATED
Two configurationswere tested. Thesewere the secondstage ascent
configurationconsistingof Orbiterwith ExternalTank attached,and the
RTLS configuration(Orbiteralone). The model used for this test was an
O.OlO-scalereplicaof Configuration3 of the Space ShuttleOrbiterand
ExternalTank.
For conveniencethe configurationnomenclaturewas abbreviatedas
follows: The symbolsare definedin the Model DimensionalData.
0 = Bl9 C7 E23 F5 M6 N39 R5 V7 Wlo7
OT = Bl9 C7 E23 F5 M6 N39 R5 V7 Wlo7 TIO
Tlo includedthe attach structureand protruberancesFL7, FL8, PTI6,
PTI7, PTI8,AT21, AT22' and AT23.
Controlsurfaceeffectivenesswas investigatedwith elevondeflections
of +15° and -20°, ailerondeflectionsof +5°, +lO°, +15°, and -15°, rudder
deflectionsof +20°, bodyflapdeflectionsof +13.75° and -14.25°, and a
speedbrakedeflectionof 55°.
l(]_
INSTRUMENTATION
The LaRC O.75-inchsix-component2019C internalbalancewas used for
this test program.
No model base pressuresor balancechamber pressureswere measured
during this test. The RCS supply pressurewas set and monitoredat the
plenum chambersbetweenthe two RCS nozzle blocks.
II
TEST FACILITY DESCRIPTION
The Mach I0 nozzleof the LangleyContinuousFlow HypersonicTunnel
is designedto operateat stagnationpressuresof 15 to 150 atmospheres
at temperaturesup to 1960°R. Air is preheatedelectricallyby passing
througha multi-tubeheater. The nozzle has a 31-inchsquaretest section
which incorporatesa moveablesecondminimum. Continuousoperationis
i
achievedby passingthe air througha series of compressors. Additional
informationon this facilityis given in NASA TM X-ll30 entitled,"Char-
acteristicsof Major ActiveWind Tunnelsat the LangleyResearchCenter",
by WilliamT. Schaefer,Jr.
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DATA REDUCTION
Aerodynamicforcesand momentswere reducedto coefficientform
using the followingreferencedimensions:
Referencearea (S) = 0.269 ft2 (38.736in2)
ReferenceLengths
c = 4.748 in (used for Cm in OAl05)
b = 9.367 in (usedfor Cn, Cc in OAl05)
_Ref = 12.90 in (usedfor Xc.p. in OAl05 & IA60
and for Cm, Cn, C_ in IA60)
The momentswere reducedabout a moment referencecenter locatedas
follows:
OrbiterOn]y
Orbiter stationI0.757at Yo = 0.00 and Zo = 3.75
IntegratedVehicle
XT = ET station17.258 (7.368inchesaft of orbiternose)
YT = 0.00
ZT = 6.336 (.994 inchesbelow orbiter FRL)
StandardLaRC data reductiontechniqueswere used for reducing
the data to coefficientform.
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TABLE I.
TEST : IA60/ 0Al05 l pATE : 2/22/74
TESTCONDITIONS
REYNOLDSNUMBER DYNAMICPRESSURE STAGNATIONTEMPERATUREMACHNUMBER
(perunit length) (poum_s/sq.inch) (degreesFahrenheit)
10.3 1.0 X 106 i.04 I_50
BALANCEUTILIZED: LaRC 2019C
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:
NF 70 Ibs 0.35 Ibs
SF 25 Ibs 0.125 Ibs
AF 15 Ibs 0.075 Ibs
PM 70 in-lbs __ 0.35 in=Ibs
RM 15 in-lh_ _ n nT_ i_-Ibs
YM 25 in-lbs _ 0.125 in-lbs
COMMENTS:
6L_J
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TABLE II - Continued
R, oW " " "
TEST : _)/A t c ,% DATA SET/RUN NUMBER COLLATION SUMMARY DATE : __/__rt/-/
DATA'SET $CHO. CONTROl- _E_'LECTION NO. MACH NUMBERS ( OR ALTERNATE INDEPENDENT VARIABLE )
!IDENTIFIER CONFIGURATION OF" ' _0_/". . _ #-!_= Pc J6e oco_ RUNS_b4 _SI: S_"
- •.
o z
z
_c_N 0 _/_'9 _ 0 _s_ 44¢ O O _nS 55 0 I_ c
i _oN 0 HSZ A o _so _Z o o 1_.-r_" _" 0 "t3 wmi
.... , _; o 4.4(. O O -hl,_'.., _ _ _t
446, "; ,,,:_ ..... '.<-:'"';z_ IA c_ _su _3 ./;t -,&.,_ 5_ o _.z
_' A O sb ;79 G O -!_,zs S% 0 _z'$
,>()hl O ,A/St ,& 5 )So _04. _ _ .... _ 55 0 ;L_.
.;_ sc.Eou-_s G_= _$o., __o,. Oo +_.,_ _,,
" ' ' " = i
., . .,
)
) *
TABLE, II - Concluded
DATA
SET _CTION NO. MACH NUMBERS ( OR ALTERNATE iNDEPENDENT VARIABLE )
, • IDENTIFIER
0 HzI_J_Z2 I_L . _
0 Lj_!
• ':;. " _ SCHEDULES _' " '- " ': _. L') _'_, "_ _ (" 4 . '_
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TABLE III. - MODEL DIN_NSIONAL DATA
MODEL COMPONENT: ATTACH STRUCTURE - AT_I
GENERAL DESCRIPTION: Attach structure_ same as AT11 except only the
forward attach structure.
MO_EL SCALE: 0.010
DRAWING NO. : VL72-000089
DIMENSIONS: FULL SCALE MODEL SCALE
Orbiter to Ta-_
LOcation- In.
x_ 382.ooo 3.eao
xT, !133.000 11.330
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TABLE III. - MODEL DIMENSIONAL DATA .-Continued.
MODEL COMPONENT: ATTACH STRUCTURE - AT22
GENERAL DESCRIPTION: Risht rear_ Orbiter to External Tank
MODEL SCALE: 0.010
E_AWING NO.: VL72-OOOO88B + VL72-000089 NOTE: Use first drawing for location
• . and second drawing for detail
of struts
DIMENSIONS: FULL SCALE MODEL SCALE
First strut
Diameter - In. (Approx.) 8.0 0.08
Aft Location, In. (Attach to Orbiter)
xo 13o7.o 13.o7o
xT :-_58.o _o.58o
Fwd Location - In. (Approx.)
(Attach to Orbiter)
xo ll08.0 11.o8o
_859 _8.59
NOTE: This strut is tlhemirror image
strut AT23
Second Strut
Diameter, In. (Approx.) 8.0 0.08
Location- In.
Xo 13o7.0 13.07o
xT _0_8 2o.58o
NOTE: This is a cross brace strut.
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TABLE III. - MODEL DIMENSIONAL DATA- Continued.
MO_LC0_Om_T: A__AC_S_UCTU_- AT_
GENERALDESCRII>K.[ON: Left rear_ Orbiter to External Tank
MODEL SCALE: 0.010
DRAWING NO.i VL72-OOOO88B & VL72-000089 NOTE: Use first drawing for location
.. and second drawing for detail
of struts
DIMENSIONS: FULL SCALE MODEL SCALE
Forward attach points:
Orbiter to Tank "
NO. of Struts i i
Diameter- In. (Approx) 8.0 0.08
Location- In.
xo I_o7 13.o7o
x_ ..s>:s8 20.58o
Aft attach points:
Location - In. (Approx.)
Xo 11o8 ii.O80
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TABLE III.- MODEl_ DIMENSIONAL DATA - Continued.
MODEL COMPONENT :. BODY - ]_19
GENERAL DESCRIPTION : _]_}sel.£_: P,nn_Enr_ttnn _3per Rnekwel]
_Lines VLTO-OOOZ_B.
N(_.. Te'Im*,,-l-.-l,-.,_1+,._ I%,_ o'zP_'nf, fn_,-_hnay.
.ILl
MODEL SCALE_ O.O10
DRAWING NUMBER vr..To-o_,_]39B
DIMENSIONS : FULL SCALE MODEL SCALE
Length - In. _290 • 3 12. c_O_3
Max Width - In. _ 2.676
Max Depth - In. 244.5 2.445
Fineness Ratio 4.8217_ 4.82175
Al_a- Ft,2
.i,
Max. Cross-Sectional q86.67 -_. 0.0387
Planform
Wetted
Base
i,,
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TABLE Ill. -MODEL DIMENSIONAL DATA- Continued.
L_
MODEL COMPONENT '. C,ANOP'I - ¢7'
GENERAL DESCRIPTION ',_ Configuration 3 oer Hockwel% Lines VL70-OOO139.
MODEL SC_LLE: 0.010
DRAWrNG NUMBER _70_C/)O!_9
DIMENSIONS: FULL SCALE MODEL SCALE
Length (Xo=433 to Xo=578) In.F.S. lh5 1.ksn
Max Width
Max Depth
Fineness Ratio i
Area
Max. Cross-Sectional
Planform
Wetted
Base
26
TABLE III. - MODEL DIMENSIONAL I_TA- Continued.
_-- MODEL COMPONENT: _3----_
GENERAL DESCRIPTION: _a_ek_ll Lines Draxclr_
DRAWING NUMBER:
-_=Q__
DIMENSIONS: lULL'SCALE MODEL SCALF
Area - Ft2 20_._2 0.0206
Span (equivalent) - In. 353.._4 3.53_
Inb'd equivalent chord - In. .!14.78 1.148
Outb'd equivalent chord, In. 55.o0 _0._0
Ratio movable surface chord/
total surface chord
At Inb'd equiv, chord 0.208 ..0.2o8
At Outb'd equiv, chord 0.4oo 0.400
Sweep Back-Angles, degrees
Leading Edge
_ o._) o.00 _
Trailing Edge lo._ - no oh
Hingeline 0.0o _.oQ
Area Moment (Normal to hinge line) -Ft3 15_8,0 _ -0"02155
27
TABLE III.-MODEL DIMENSIONAL DATA- Continued.
MODEL COMPONENT : BODYFLAP- F!_
GENERAL DESCRIPTION : _ Confi_.u_tio_ per Rockwell Lines VL70-000139
MODk-:I,S_AL!_.:0.010
DRAWING NUMBER' vI.7o-ooo I'Rg.
DIMENSIONS : FULL SCALE MODEL SCALE
Length - In. e-h70 n Rh7
Max Width - In. . 267.6 2.676
Max Depth
Fineness Ratio
Atrea - Ft2
Max. Cross-Sectional
P Ianform 14,o•_ 0.0143
Wetted
Base R_-n95_ 0.00_
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TABLE III. - _)_ D_SIO_ DATA- Continued.
_ MODEL COMPOD0_T: FEEDLINE - FL-7
GERERAL DESCRI_ION: LOX feedline between ET and Orbiter
MOOEL SCALE: 0.010
DRAWING NO. : VLTS-O00050
DIMENSIONS: FULL SCALE MODEL SCALE
Centerline at: XT, 2081.0 20.810
_T 7o.0 o.7o
Xo 1330.0 13.300
70.0 o.7oo
Diameter 18.5 o.185
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TABLE III. -MODEL DIMENSIONAL DATA - Continued.
MODEL COMPONENT: FEEDLINE - FL8
GENENAL DESCRIPI!KON: L_ feedline bet_en ET and Orbiter
MODEL SCALE: 0.010
_RAWING NLMBER: FL78-000050
DIMENSIONS: FUlL SCALE MODEL SCALE
Centerllne at: XT " 2081.0 20.810
I_ -70.0 -0.7oo
xo Z33o.o 13,._:)0
_o -7o.o - o.7oo
Dimmeter 18.__ O.185
30
TABLE Ill. - MODEL DIMENSIONAL DATA- Continued.
' MODEL COMPONENT :. oNs POD -
GENERAL DESCRIPTION : _ _slc con£i_lrat_on ' ,_ 0148 pods with non-
metric RCS engine housing a_,dnozzles. Same geometry as M4
MODEL SCALE: 0.010
DRAWING NUMBER: w,?n-n_o_39_
DIMENSIONS : FULL SCALE MODEL SCALE
Length - In. ,=_46oO 3.460
Max Width - In. 108.0 1.080
Max Depth - In. 113.O 1.130
Fineness Ratio
Area
Max. Cross-Sectional i i
Planform
Wetted
Bose
Station of aft end of RCS nozzle block 1560.0 15.6OO
31
TABLE III. - MODEL DIMENSXON_.L DATA - Continued.
MODEL COMPONE_P: MPS NOZZLES - N39
GF/_EP_L DESCRIPTION: Configuration _A MPS Nozzles
MODEL SCALE: 0.010
DRA%_ING NUMBER ::
DIMENSIONS: FULL SC_.LE MODEL SCALE
_CH NO.
LenGth - In.
Gimbal Point to Exit Plane
Throat to Exit Plane
Diameter - In.
Exit 92.oon o.Q_
Throat
Inlet
Area - ft 2
_xit 48.1Q_ 0.00_8
Throat
Gimbal Point (Station) In.
Upper Nozzle
X
Y
Z
Lo'_r Nozzles
× __ 14.geo
Y + 5_.000 + O. 530
_42.7 •_L9__7__
Null Position - De_.
Upper Nozzle
Pitch
Ya_r
Lo_,er Nozzle
P_itch
Yaw
32
TABLE III. - MODEL DIMENSIONAL DATI - Continued.
MODEL COMPOnenT: RCS NOZZLE - N49
GENERAL DESCRIPTION: RCS nozzle provldln_ left-hand pltch-down control to
simulate return to launch site (RTLS)
MODEL SCALE: 0.010
DRAWING NO. : SS-A01160-19
D_SIONS: FULL SCALE MODEL SCALE
Flight dynamic pressure silmalation - PSF 20 20
Cant angle - Deg.
Aft 12 12
Outboard 20 20
Diameter - In.
Exit 14. i0 O. 141
Throat 6.70 0.0670
Area - In2
Exit 156.14 O.015614
_roat 35.25 0.00352_
Area ratio 4.430 4.430
No. of Nozzle 2 2
33
TABLE III. - MODEL DI_NSIONAL DATA - Continued.
MODEL COMPONEnt: RCS Nozzles - NS0 "
GENERAL DESCRIPTION: RCS Nozzle providing rlght-hand pltch-down control
to simulate return to launch site (RTLS).
MODEL SCALE: ().010
DRAWING NO. : SS-A01160-20
DIMENSIONS: FULL SCALE MODEL SCALE
Flight dynamic pressure simulation ~ PSF 20 20
Cant a_Ele - deg.
Aft 12 12
Outboard 20 20
Diameter - In.
Exit 14. i0 O. 141
![%roat 6.70 O.0670
Area - In.2
Exit 15.614 0.015614
Throat 35.25 0.003525
Area Ratio 4.430 _ 4.430
No. of Nozzles 2 2
34
TABLE III. - MODEL DIMENSIONAL DA_ - Continued.
-- MODEL COMPONE_T: RCS NOZZLES - NSI
GENERAL DESCRIPTION: RCS Nozzle provldln_ left-hand yaw control to
simulate return to launch site (RTLS).
MODEL SCALE: O.OlO
DRAWING NO. : SS-AOII60-II
DIMENSIONS: MODEL SCALE
Flight dymamic pressure sinmlation- PSF 20
Cant angle - Deg.
Aft 0
Outboard 0
Diameter - In.
Exit O. 141
Throat 0.0670
Area - In.2
Exit 0.015614
Throat 0.003525
Area ratio 4.430
No. of nozzles 4
35
TABLE III. - MODEL DIMENSIONAL DATA - Continued.
MODEL COMPONENT: RCS NOZZLE - N52 -,
GENERAL DESCRIPTION: RCS Nozzle provldin_ right-hand pitch-up control
to simulate return to launch site (RTLS).
MODEL SCALE: 0.010
DRAWING NO.: SS-AOII60-12
DIMENSIONS: MODEL SCALE
Flight dynamic pressure simulation - PSF 20
Cant a_le- deg.
Aft 0
Outboard 0
Diameter - In.
Exit 0.141
Throat 0.0670
Area - In.2
Exit __0.01_614
Throat 0.003525
Area ratio 4.430
No. of nozzles 2
36
TABLE III. r M)IEL DIMENSIONAL DATA - Continued.
MODEL COMPONENT: ET PROTUBERANCE - PT16
GERERAL rRSCRIPTION: LOX vent line fairin_
MODEL SCALE: O.010
DRAWING NO. : VL78-OOOO3ZA
DIMENSIONS: FUIL SCALE MODEL SCALE
Lea_D6 edge at _ -_2.0 3.210
YT O .O 0.0
Trailing edge at XT 9_5.0 _. _5
YT .. 70.0 0.70
37
TABLE III. - MODEL DIM_SIOI_L DATA _ Continued.
_EL COMPONENT: ET PROTUBERANCE- PTI7
GENERAL DESCRIPTION: LOX feedllne fairin_
MODEL SCALE: 0.010
DRAWING NO. : VL78-OOOO31A
DIMENSIONS: FULL SCALE MOIEL SCALE
Leading edge at: XT 955.0 9.55
xT 7o.o o.7o
Trailing edge at: XT 2058.0_ 20.58
YT 70.0 0.70
38
TABLE III.- MDDEL DIMENSIONAL DATA- Continued.
MDDEL COMPO_T2: ET PROTUBERANCE - PTI8
GENERAL DESCRIPTION: LH2_vent line fairing
MODEL SCALE: 0.O10
_RAWING NO. : VL78-OOOO31A
DIMENSIONS: FULL SCALE MO_L SCALE
Leading eclge_at: Y_ ,,947.0 9.47
- 70.0 - 0.7o
Traili_ edge at: XT 2058.0 20._
_T - 70.0 - 0.7o0
39
TABLE III. - MODEL DATA Continued.DIMENSIONAL
MODEL COMPONENT: RUDDER - R5 -.
GENERALDESCRIPTION: 2A-_j__.:LL..o__and140A/B ooz_i&Rzrations
DRAWINGNUMBER:
_--VLTO-O00095, V_TO-OOOZ39
DIMENSIONS: FULL-SCALE MODELSCALE
Area - Ft2 _ .0.__
Span (equivalent)_ In. PnT,0 _OnlA
Inb'd equivalentchord In. 91.5_5 n.916
Outb'd equivalent chord _ In. _n._. n _0_
Ratio mow_ble surface chord/
total surface chord
At Inb'd equiv,chord 0.40o Q.4oo
At Outb'd equiv, chord 0.400 Q.4QO
Sweep Back Angles,degrees
Leading Edge ..34.83 3_t_LT_______.
Trailing Edge 26.25 2_-P5
Hingeline 34.83 3_.8R"
Area Moment (Normalto hinge line)_ Ft3 5p_ 13 o-nnQ53
40
TABLEITT. - MODELDIMENSIONALDATA - Continued.
MODELCOMPONENT: EXTERNALTAt_ - 710
GENERAL DESCRIPTION: ExternalOxygen-Hydrogen _=_nk, 3 confi£uratinn,
per Rockwell Lines drawin 6 VL78-_)0041 and VL72-000088
l_nl_T,,q_.AT._l,• CT.n]{)
DRAWINGNUMBER VL72-000088_ vL78-OOOO41
DIMENSIONS FULL SCALE MODELSCALE
Length (Nose @ XT = 309) _. 1P,A5 -. ]_-65
MaxWidth - In. ?_4 R.24
MaxDepth --
FinenessRatio 5.7=;6],7 5.75617 ,
Area Ft2
==
Max. Cross-Sectional 572. _ - O. o57_
Planform
Wetted
m
Base
%
W.P. of tank centerline (XT) In. 400.0 _ 4.000
F 41
TABLE III. - MODEL DIMENSIONAL DATA_ Continued.
MODEL COMPONENT: VERTICAL - V 7
GENERAL DESCRIPTION: _..+_I_-- v._+_,..l +=_I _..... _-a_h
NO_E: _me aS V.. hut _%.h m_n_pnlatnr hons4n= remnved.
MODEL SCALE: 0.OlO
DRAWING NUMBER: VLTO-0OOIR9
DIMENSIONS: FULL SCALE MODEL SCALE
TOTAL IIATJ_
Area (Theo) - Ft2
Planform b._5-9_ O.0_'_A
Span (Theo) - In. 315-72 3-I5.7
Aspect Ratio I._75 1 .g75 --
Rate of Taper _ 0.507 --
Taper Ratio o.ho4 _ o.h_ ....
Sweep-Back Angles_ Degrees.
Leading Edge 45,o_ 4.q.Og)O
Trailing Edge _ P6-2&9
0.25 Element Line &1 .130 41 .1%q
Chords:
Root (Theo) _,_P PgS._ 2-g_5
Tip (Theo) WP 108J'7 1 n_5
MAC ]99-m i._8
Fus. Sta. of .25 MAC !kgS_Sn lJ,.g35
w.P.of .e5MAC 6355_? --_5_-----
B.L. of .25 MAC 0 O0 _ O0
Airfoil Section
l_ading Wedge :_ngle - Deg. i0.000 I0.000
_hrailing Wedge Angle -- Deg. i_.920 ____
Imadin6 Edge Radiu_ 2.0 0.02
Void Area . Ft2 13.17 ,, _ 0.OO13____
Blanketed Area n_nn n _no
42
- TABLE III. - MODEL DIMENSIONAL DATA _ Concluded.
,MODELSOMPON_RT:..WING-WIn7
__NIRAL DESCRI°T!ON: _onfi_ur_tlon R nor Roe_mll TAneB VT,70-OOOIROB
NOTE: Same as W.__, except cuff. alrfn_l and _no_fl_noe nn=IP.
MODE_ SC_E: O.O10
DWG. NO. VLTO-OOOIqqB
._!STNO.
DIMENSIONS: FULL-SCALE MODELSCALE
TOTAL DATA
Area [ii_eo.) Ft2
Planform . ?6cn.o o.p69
Span (Thee In. 9_._A 9._7
Aspect Ratio , _ _ _ _R
Rateof Taper _-_77 1,177
Taoer Ratio .._._G._Q_ n _
DihedralAngle,degrees _-5nn 3 5NO
Incidence_gle, degrees n_nn n _nn
AerodynamicTwist, degrees T _ nnh _ 3 hnn
SweepBack Angles, degrees
LeadingEdge , 4_._oo h_nno
TrailingEdge - 1o.pJ, - _n _J,
0.Z5 ElementLine _5-_n9- 35,P09
Chords:
Root (Thee)B.P.O.O. _9.2_
Tie, (.Theo) B.P. 1q7.85 l.q7q
MAC _74.8]_ 4.748
Fus.Sta. of .25 MAC _
W.P. of .25MAC _ 2.QQe
B.L. of .Z5 MAC _
EXPOSEDDATA
Area LThe()) Ft Z _75_-P9 n _75p
Span,(Thee) In. BPI08 ?pn _A 7 Pn7
AspectRatio _-n5_ P,,hS_ -
Taper Ratio 0,?_,5_ n _,5_
Chords
Root BPI08 _62.h0 _.624
Tip 1.00 b 137.8_ l.qTq
MAC 393.03 _._0
Fus. Sta. of .25 MAC 1185.R_ _l-aS?
W.P. o_ .25 MAC _ R.rw_ .
B.L. of .25 MAC ' _ .v_ p 5_P,
AirfoilSection (P,oclefell tex_NASA)
XXXX-_4
Root.b = o.Io n._n
Tio b = 0.12 0.12
Datafor (I) of (2) Sides
LeadingEdge Cuff _ ....
PlanfcrmArea ,_t_ _ n _n__R
readingEdge Intersects Fus M. L. @ St_ =oo.o ,t._rw",n
Leadfn_Edse Intersectswing _ Sta i0_3._ 10.83443
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U
/-ATTACH S_UCTURE
l j _/o.__ _- H...... SURF_.CE •15/ [I 1-¢ v//////////AT
- ,, ,
MS.13.17 SECTION A.A
DETAIL A
_CAL DOO_--_
UPPER _ OF F_Eg_KE
L_2 FEEDLINE-_ X / _Yo -70 1.92 --, TA_K
Yo -96
N_: _DIMEZSI_APPROXIMA_
_IEC_ES
a. Orbiter umbilical door fairing support (FR6) and LO2(FL7) and LH2(FL8) Feedlines
Figure 2. - Model Sketches.
i
47
48
IX,_r
9_7 FAIRING 2147
fl ,I
/AIRES ___ - iO IN.
27 IN. )_/
SECTION A-A
_17-w2 ;i,mFa_,G
PTI8 - L_ VE_T LI_
SECTION B-B FAIRI3_
SECTION C-C
d. External tank protuberance (PT16 , PT17 , PT18 )
Figure 2. - Concluded.
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DATA FIGURES
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DATASET SW4BOL C_F'I_JRATIOq 0ESC:RIISTRIN PCI_CS ELEVEN Al_ _ REF_ I_TION
£CH!020| _ I^-K0 C:FHTI0e H_EL 32-0T [0 TIN4S I_0 PITCH 0_N 4_J.C_O -20.000 .000 .000 SREF 2E_O.0000
[CHI04?| _ IA-SO C_HTICmMOOEL32-0T (0 T|N4CJh_0 PITCH _ 44_.000 .O_O .000 .000 LREF 12¢J3,0000
_CH]004) IA-G0 CF'HT1CBI'_OEL 32-0T (0 T3N49 t_0 PITCH 0VN 41_.C_0 15,000 .{_0 ,000 BREF • 12¢J0,0000 IN,
XHR_ 1";25.B)O0 IN, XT
Y't4_ .OOOO IN, YT
633,6000 IN, ZT
SCALE ,OtO0
040 i i i v , , , , , , , i _ i o i i g _ o i _ i , t _ , I t l i v u i I t t
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